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Non-invasive method to monitor microcirculation 
Field of invention 

This invention relates to the non-invasive determination of the degree of vasoactivity in 
the microcirculation in a tissue caused by a drug, disease, injury or normal regulation. 

Background of the invention 

In medical practice, in the development of new drugs and in skin testing 
procedures it is important to determine such as the degree vasodilatation or 
vasoconstriction in the microcirculation following application of a vasoactive drug 
directly in contact with the skin or administrated by other routes. A suitable way of 
transdermal drug administration is by means of iontophoresis in order to support 
penetration of charged drug molecules through the epidermal layer. 

Although the reddening of the skin generally can be seen by the naked eye, a 
more objective method is generally used in the medical setup. Laser Doppler perfusion 
imaging (Wardell K., Jakobsson, A.J. and Nilsson, G.E. Laser Doppler Perfusion 
Imaging by Dynamic Light Scattering. IEEE Trans BME, Vol 40, No. 4, 309-316, 1993.) 
is a method that by sequentially scanning the tissue surface of interest, gives a 
quantitative measure of the increase in blood perfusion and thus a measure of the effect 
on the microvasculature of the vasoactive drug under study. Alternatively a single point 
laser Doppler perfusion monitor may be used for monitoring the tissue blood perfusion. 
Using the combined setup of iontophoresis and laser Doppler perfusion imaging, several 
critical parameters of iontophoresis - including current strength, effect of inflammatory 
processes, and vasoactive drug dosage (Droog EJ. and Sjoberg F. Nonspecific 
vasodilatation during transepidermal iontophoresis - the effect of voltage over the skin, 
Microvascular Research, 65(2003) 172-178; Droog, E.G., Henricsson, J., Nilsson, G.E. 
and Sjoberg, F. A protocol for iontophoresis of acetylcholine and sodium niiroprusside 
that minimizes non-specific vasodilatory effects, Microvascular Research, 67 (2004) 197- 



220) - have been studied and optimized. In clinical settings this combined technology of 
iontophoresis and laser Doppler perfusion imaging has been used in studies of the 
response to transepidermally applied vasoactive drugs in patients with diabetes (Morris, 
S.J., Shore, A.C. and Tooke, J.E. Responses of the skin microcirculation to acetylcholine 
and sodium nitroprusside in patients NIDDM, Diabetologica 38, 1337-1344, 1995 ) and 
in patients with Alzheimer's disease (Algotsson, A., Nordberg, A, Almkvist, O. and 
Winblad,B. Skin vessel reactivity is impaired in Alzheimer's disease. Neurobiol Aging. 
1995 JuUAug;16(4):577-82± 

Laser Doppler perfusion imaging (and monitoring) is, however, a technology not 
very well suited for applications in primary care or in the office of the general 
practitioner, because of high cost and to some extent cumbersome handling and image 
interpretation. Besides, laser Doppler perfusion imaging (and monitoring) gives 
representation of the tissue blood perfusion rather than the vasodilatation or 
vasoconstriction of the microvascular bed as a response to the vasoactive agent. 

A companion technology entitled Orthogonal Polarization Spectroscopy using a 
selected illumination band of wavelengths has earlier been used in microscopes in an 
attempt to visualize the detailed architecture of the smallest vessels of the 
microcirculation (Uhi, E., Lehmberg, J., Steiger, H.J, and Messmer, KL Intraoperative 
detection of early microvasospasm in patients with subarachnoid hemorrhage by using 
orthogonal polarization spectral imaging Neurosurgery, juneS 2 (6) 1307-15, 2003). The 
high degree of magnification required, however, makes this technology difficult to use in 
primary care and in the general practitioner's office, because of the inevitable relative 
movement between the microscope and the object. Besides, the end result is in best case a 
structural image of the minute vessels in a small area and gives no direct information 
about the average vasodilatation of a more extensive skin site. 

Obviously, there is demand for a complementary technology, that can be applied 
in for example diabetes clinics and primary care at low costs to identify patients, who are 
at risk of acquiring more profound complications from diseases known to cause impaired 
circulation, for a preventing regimen or therapy. 



Description of invention 

It is an object of the present invention to provide for a method employing 
polarized light to produce a representation of how the microcirculation of a subject 
patient is influenced from drugs, disease or injuries. 

It is another object of the present invention to provide for reliable, quick and 
cheap method to determine if a patient suffering from underlying disease known to 
produce impairments in microcirculation is susceptible to acquire such complications and 
thereby need a change of regiment or therapy. 

These and other objects will be apparent from the following specification and its 
appended claims. 

In its most general form a method according to present invention involves the 
illumination with polarized light of a target tissue, typically in the body periphery surface 
with polarized light. Backscattered and polarized light is collected with a polarized filter 
and detected by means of a photosensitive array. Arrangements to generate polarized 
light and polarizing filters are well known and will not be further discussed herein. A 
photosensitive array may be a digital camera that is capable of converting the incoming 
light having passed through the polarization filter into digital values. Alternatively, 
conventional types of sensors producing analog signals are conceivable and may be 
connected to an analog/digital converter of conventional nature. The person skilled in this 
technology may readily envision several suitable arrangements. The so collected, 
digitalized information is transferred to a computing device, wherein it is separated into 
three data matrixes, each representing a specific, pre-selected wavelength range. The 
computing device is further adapted to generate an output data matrix by processing 
corresponding values of the matrixes by an algorithm. Each value in said output data 
matrix represents the amount of influence on the microcirculation in a source of point of 
the tissue, thereby obtaining a representation of the tissue microcirculation. 

According to one embodiment of the invention, the method involves local 
application of a vasoactive agent before illuminating the target tissue. When suitable to 
support the delivery to the tissue receptors, iontophoresis can be employed. Vasoactive 
agents may for example be well-known vasodilatators, such as acetylcholine, sodium 
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nitroprusside, or combinations thereof. Combining vasodilatating agents with different 
modes of action such as by the endothelium or smooth muscles would also be 
conceivable in certain applications, as well as the use of vasoconstricting agents. The 
output data matrix may in one aspect of this embodiment be presented as an image 
colored or shaded in accordance with a scale of vasodilatation or vasoconstriction. 

The polarizing filter preferably has a polarization direction orthogonal to that of said 
illuminating light. However, also other arrangements would be conceivable to persons 
skilled in the art. 

In another embodiment values for normalization of the values of said data matrixes 
can be produced by simultaneously illuminating a reference area. 

Preferably, the wavelength ranges represent specific colors, more preferably the 
colors, red green and blue. According to one preferred embodiment of the invention, the 
algorithm for generating the output data matrix employs the difference of the values of 
the data matrixes representing red and green color divided by the corresponding values in 
the data matrix representing the blue color. The computing device may further include an 
algorithm for generating compensation for tissue color using the values in the data 
matrixes. 

The present invention is also directed at system for determining how the 
microcirculation of a living tissue is influenced by drugs, disease or injuries. The system 
generally comprises a light source combined with and a filter for illuminating a tissue 
surface with polarized light. Further, a polarizing filter is used for collecting the 
backscattered light and a photosensitive array detects the backscattered and polarized 
light and converts the detected light to a collected information of digital values. A 
computing device receives the collected information and separates it into three data 
matrixes, each representing a specific color an algorithm is employed that generates an 
output data matrix that represents the microcirculation. The system can be further adapted 
to cooperate with a mobile communication terminal capable of transmitting the output 
data matrix over a telecommunication network, such as a mobile network or a public 
fixed network, the Internet. The system can be integrated with a mobile communication 
terminal as details of a mobile telephone, or form separate units combined with local 
communication links. Accordingly the output information from the system can be 
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adapted for direct communication with clinical care centers or for immediate analysis by 
the patient or clinically qualified persons. 

According to a specific aspect of the invention, above mentioned methods are used to 
determine if a patient is susceptible to acquire such complications from diabetes or 
Alzheimer's disease that arrive from impaired microcirculation. A patient is thereby 
subjected to local administration of a vasoactive composition, whereupon any of the 
aforementioned methods are conducted. The resulting output matrix data or its 
representation is compared with a reference obtained from a healthy individual, or from 
the same patient prior to the administration of the vasoactive composition. 

The following part of the description demonstrates a preferred way of conducting 
present invention by way of examples. The skilled person will realize the possibility to 
deviate from what is exemplified and still operate within the inventive scope as earlier 
outlined. 

Detailed and exemplifying part of the description 

Fig. 1 shows an arrangement for iontophoresis suitable for the present invention. 

Fig. 2 shows light illuminating and data processing equipment according to the present 
invention. 

Fig. 3 shows an example how to present results from the output data matrix generated by 
the equipment of Fig. 2. 

One way of administrating the drug - typically acetylcholine (ACh) or sodium 
nitroprusside (SNP), - is by diffusion through the epidermal layer of the skin. This is 
facilitated by using e.g. a ring-shape electrode (A, Fig.l) applied to the skin (B 5 Fig.l) by 
double adhesive tape (C, Fig. 1). The chamber formed by this ring contains the 
vasoactive agent solved in 0.9% sodium chloride or other vehicle (D 5 Fig.l) . In some 
cases it is advantageous to cover the ring-shape electrode containing the vasoactive agent 
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by a glass slide (E, Fig.l). When a voltage, typically 10V (F, Fig.l) is applied between 
this electrode and a reference electrode (G, Fig.l) attached to skin some distance away 
from the active ring-shape electrode, a small electric current, typically 0.4 mA, is evoked, 
forcing the charged molecules of the active substance to penetrate the epidermal layer 
and reach the receptor molecules of the minute blood vessels in the microvasculature 
where they cause these vessels to dilate (increase their diameter). After some minutes of 
voltage application - by use of pulses or continuously - the actual skin area within the 
ring-shape electrode can be seen to become more red as more blood cells fill up the 
affected microvascular network. This procedure of administrating a vasoactive drug 
transepidermally is known under the name iontophoresis in the scientific literature. A 
suitable such system is Perlont 382 from Perimed AB (Jarfalla Sweden). 

In this example a modern digital camera technology is utilized, exemplified by 
Canon IXUS V3, Canon Svenska AB, Solna, Sweden. However, other photo-sensitive 
detector arrays are conceivable to document the vasodilatation of the skin or other tissue 
sites affected by the vasoactive drug. In this approach a flash of white light - or 
alternatively continuous light - (A, Fig.2) illuminates the skin (B, Fig. 2) under study 
after having been linearly polarized by a polarizer (C, Fig. 2) positioned in front of the 
flash lamp - or a lamp delivering continuous light - (D, Fig. 2)- In the skin surface (E, 
Fig. 2), a fraction of the polarized light is directly reflected towards the camera aperture 
with essentially no change in polarization. By placing a second polarizing filter (F, Fig.2) 
in front of the camera aperture with the polarization direction orthogonal to that of the 
filter in front of the flash lamp, the photons directly reflected from the skin surface, the 
liquid surface and the slide are effectively stopped from reaching the camera. Photons 
that penetrate the skin surface suffer multiple scattering events at which they successively 
loose their linear polarization and become randomly polarized. Since a flash of white 
light - or continuous white light - is used, all colors of the visible spectrum are 
represented in the diffusely scattered light within the tissue, "Red" photons have a 
tendency to be less absorbed by the red blood cells than "green" and "blue" photons (see 
Tuchin W, Light-Tissue Interactions in Biomedical Photonics (Ed Vo-Dinh T., CRC 
Press 2003) Consequently the more red blood cells in the tissue (higher degree of 
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vasodilatation), the higher is the absorption of "green" and "blue" photons in relation to 
the absorption of the "red" photons. Part of all diffusely scattered photons in the tissue is 
eventually reaching and escaping from the tissue surface. A fraction of those 
backscattered and randomly polarized photons (G, Fig. 2) eventually penetrates the 
polarization filter in front of the camera and reaches the photosensitive array of detectors 
(H,Fig. 2). 

The image captured by the digital camera or other photo-sensitive array of 
detectors in the present invention is transferred to a computer (I, Fig. 2) where color 
separation in red, green, and blue color (J, Fig. 2) is performed, each color represented by 
a data matrix with the size of the entire image matrix. In order to overcome the possible 
disadvantages of non-reproducible light energy in successive flashes - or fluctuations in 
continuous illumination - the backscattered light from a reference area (K, Fig. 2) - for 
which purpose the upper surface of the electrode ring or a specific marker area within the 
image field can be used - is utilized for normalization of the three color data matrixes by 
dividing each color value in the original data matrixes by the average value for the same 
color representation in the reference area, thereby compensating for fluctuations in flash 
or continuous light intensity. 

The three normalized data matrixes representing the colors red, green and blue are 
then further processed to form an output data matrix (L, Fig. 2), where each value 
corresponds to the amount of vasodilatation in the actual source point in tissue. In this 
example, the algorithm generates an output data matrix of which each element is 
calculated by subtracting the green value from the red value and divides the difference by 
the blue value of each element of the three normalized original data matrixes. Depending 
on the situation, other algorithms based on the three color data matrixes may be used to 
form and output data matrix representing the spatial variability of the vasodilatation in 
the tissue of interest and can also compensate for different degrees of pigmentation and 
oxygen saturation. This output data matrix can preferably be presented as a pseudo-color 
or shaded image on a computer display (M, Fig. 2).In practice, one image is generally 
captured before starting the iontophoresis procedure. This first image is used as a 
reference image. Images captured during the iontophoresis procedure and at the end of 
the procedure can then be referred to this first image in order to demonstrate the changes 
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in vasodilatation instituted by the vasoactive agent that forms the active component of the 
iontophoresis procedure. 

Although the above description of the invention discusses an electrode attached to 
the skin with double adhesive tape, several other alternatives are possible, such as sealing 
an electrode with a transparent slide and positioning it in a holder on which the tissue 
under study is placed during the measurement procedure. 

Example 

In a pilot study - following the production of vasodilatation in skin tissue - several 
different algorithms were applied in the generation of the output data matrix. The average 
value of the elements of this data output matrix is shown in Fig.3 for the algorithms (R- 
G)/(G-B), (R-G)/B, R/G, R/B, (R~B)/G and (R-G)/(R-B), where R , G and B represent the 
average values of the data matrixes representing red, green and blue color. For each 
algorithm employed, the test was performed on the skin sites labelled (BDonDIL) 
representing a skin site Before Dilatation on DILated area , (ADonDIL) representing a 
skin site After Dilatation on DILated area, (BDonNOR) representing a skin reference site 
Before Dilatation on a NORmal not dilated area and ADonNORM representing a skin 
reference site After Dilatation on NORmal not dilated area respectively. As can be seen 
from the example in Fig3. the algorithm (R-G)/B gives the best discrimination among 
the algorithms tested. AH color separations and algorithm calculations have been done in 
MatLab®. 
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Claims 



L A method of determining the influence on microcirculation in living tissue from 
drugs, disease, injuries or normal regulation including: 

(i) illuminating a tissue surface with polarized light; 

(ii) collecting the backscattered light through a polarizing filter; 

(iii) detecting the backscattered and polarized light by a photo-sensitive array; 

(iv) transferring the collected information in digital form to a computing 
device; 

(v) separating the collected information into three data matrixes, each 
representing a specific wavelength range; 

(vi) generating an output data matrix by processing corresponding values in 
the three data matrixes by an algorithm, wherein each value in said output 
data matrix represents the amount of influence on the microcirculation in a 
source point of the tissue, thereby obtaining a representation of the tissue 
microcirculation. 

2. A method according to claim 1 including subjecting said tissue for local 
administration of a vasoactive agent. 



3. A method according to claim 2, wherein iontophoresis is employed to support the 
administration of said vasoactive agent. 
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4. A method according to claim 2 or 3, herein said vasoactive agent is a vasodilator 
selected among acetylcholine and sodium nitroprusside. 

5. A method according to claim 3 or 4, including presenting said output data matrix 
as an image colored or shaded in accordance with a scale of vasodilatation or 
vasoconstriction. 

6. A method according to claim 1 , wherein said polarizing filter provides a 
polarization direction orthogonal to that of said illuminating light. 

7. A method according to claim 1, including producing values for normalization of 
the values of said data matrixes by simultaneously illuminating a reference area. 

8. A method according to claim 1 , wherein said wavelength ranges represent specific 
colors. 

9. A method according to claim 8, wherein said algorithm for generating the output 
data matrix employs the difference of the values of the data matrixes representing 
red and green color divided by the corresponding values in the data matrix 
representing the blue color. 

10. A method according to claim 1, including an algorithm for generating 
compensation for tissue color using the values in the data matrixes. 

1 1 . A system for determining microcirculation of a living tissue comprising: 

(i) a light source (D) and a filter (C) capable of illuminating a tissue surface 

with polarized light, 

(ii) a polarizing filter (F) for collecting the backscattered light; 
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(Hi) a photosensitive array (H) capable of detecting the backscattered and 
polarized light and converting the detected light to a collected 
information of digital values; 

(iv) a computing device (I) receiving said collected information and adapted to 
separate it into three data matrixes (J), each representing a specific color 
and to employ an algorithm that generates an output data matrix (L) 
representing the microcirculation. 



12. A system according to claim 1 1 comprising means (M) for presenting said output 
data matrix as an image of the vasodilatation or vasoconstriction colored or 
shaded in accordance with a scale of vasodilatation or vasodilatation. 

13. A system according to claim 1 1, wherein said polarizing filter provides a 
polarization direction orthogonal to that of said illuminating light. 

14. A system according to claim 1 1, comprising a reference area for producing a 
measurement value for normalization of the values of the said data matrixes. 

1 5. A system according to claim 1 1, wherein said algorithm for generating the output 
data matrix employs the difference of the values of the data matrixes representing 
red and green color divided by the corresponding values in the data matrix 
representing the blue color. 

16. A system according to claim 1 1, wherein said computing device comprises an 
algorithm for generating compensation for tissue color using the values in the data 
matrixes, 

17. A system according to claim 1 1 adapted to cooperate with a mobile 
communication terminal capable of transmitting the output data matrix over a 
telecommunication network. 
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18. A system according to claim 17 integrated with a mobile communication terminal. 

19. A system according to claim 17 having a separate mobile communication terminal 
connected to said system with communication links. 

20. A method of determining if a patient is susceptible to acquire such complications 
from diabetes or Alzheimer's disease that arrive from impaired microcirculation 
comprising: 

(i) subjecting the patient to local administration a of vasoactive 
composition; 

(ii) illuminating a tissue surface with polarized light; 

(iii) collecting the backscattered light through a polarizing filter; 

(iv) detecting the backscattered and polarized light by a photo-sensitive 
array; 

(v) transferring the collected information in digital form to a computing 
device; 

(vi) separating the collected information into three data matrixes, each 
representing a specific wavelength range; 



(vii) 



generating an output data matrix by processing corresponding values 
in the three data matrixes by an algorithm, wherein each value in 
said output data matrix represents the amount of influence on the 
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microcirculation in a source of point of the tissue, thereby obtaining 
a representation of the tissue microcirculation; 

(viii) comparing the output matrix data or its representation with a 
reference obtained from a healthy individual, or from the same 
patient prior to the administration of the vasoactive composition. 

21. A method according to claim 20, wherein the vasoactive composition comprise at 
least one vasodilatating agent. 

22. A method according to claim 20, wherein the vasoactive composition comprises a 
first agent exerting its vasodilatating activity by the smooth muscles and a second 
agent that exerts its vascodilatating activity by the endothelium. 

23. A method according to claim 20 or 21, wherein the vasodilatating agents are 
selected among acetylcholine and sodium nitroprusside. 

24. A method according to any of claims 20 to 23, wherein the local administration of 
vasoactive composition is supported with iontophoresis. 

25. A method according to any of claims 21 to 24, including presenting said output 
data matrix as an image colored or shaded in accordance with a scale of 
vasodilatation or vasoconstriction. 

26. A method according to claim 20, wherein said polarizing filter provides a 
polarization direction orthogonal to that of said illuminating light. 

27. A method according to claim 20, including producing values for normalization of 
the values of said data matrixes by simultaneously illuminating a reference area. 
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28. A method according to claim 20, wherein said wavelength ranges represent 
specific colors. 

29. A method according to claim 28, wherein said algorithm for generating the output 
data matrix employs the difference of the values of the data matrixes representing 
red and green color divided by the corresponding values in the data matrix 
representing the blue color. 
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Legend to Fig. 1. 

A. Ring-shape electrode. 

B. Skin. 

C. Double-adhesive tape. 

D. Vasoactive agent solved in 0.9% sodium chloride or other vehicle. 

E. Glass slide. 

R Voltage source, supplying DC, AC or pulses. 

G. Reference electrode. 

Legend to Fig. 2. 

Flash of white light or continuous white light. 

Skin. 

Polarizer. 

Lamp delivering a flash of white light or continuous white light. 

Skin surface. 

Second polarizer. 

Randomly polarized light. 

Photo-sensitive array of detectors. 

Computer. 

Data matrixes representing red, green and blue color. 
Reference area. 
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Abstract 

This invention relates to the non-invasive determination of the degree of 
vasoactivity in the microcirculation in a tissue caused by a drug, disease, injury or 
normal regulation. More specifically, the invention relates to a method of determining 
the influence on microcirculation in living tissue from drugs, disease, injuries or 
normal regulation including, illuminating a tissue surface with polarized light, 
collecting the backscattered light through a polarizing filter, detecting the 
backscattered and polarized light by a photo-sensitive array, transferring the collected 
information in digital form to a computing device, separating the collected 
information into three data matrixes, each representing a specific wavelength range 
and generating an output data matrix by processing corresponding values in the three 
data matrixes by an algorithm, wherein each value in said output data matrix 
represents the amount of influence on the microcirculation in a source point of the 
tissue. Thereby a representation of the tissue microcirculation is obtained. 
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